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Abstract 
As a product from municipal solid waste treatment, compost is sometimes cannot be utilized as organic fertilizer 
because its raw material has been contaminated from the start. One particular alternative solution for compost is to 
use it as landfill biocover. This solution is not only for controlling CH4 emissions but also reducing the need for soil 
cover. This study aimed to determine the methane concentration profile within reactors by utilizing compost 
produced by the City of Depok Composting Unit. Results showed that the methane concentration decreased when 
the thickness of the media was increased. Additionally, the concentration of carbon dioxide tended to increase the 
concentration in the upper layers of the media. High levels of compaction caused the maximum methane oxidation 
zone to shift to the bottom of the reactor. This could be seen in the reactor with a compaction rate of 800-900 kg/m3, 
where the maximum methane oxidation zone was at a depth of more than 62 cm from reactor’s media surface. The 
reactor with a compaction rate of 750 kg/m3 had a maximum methane oxidation zone at a depth of 20-30 cm from 
the reactor’s media surface. An enhanced compost maturation phase is also necessary to optimize the use of compost 
as a landfill biocover. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The 2007 Intergovernmental Panel on Climate Change report defines methane (CH4) as an important greenhouse 
gas that potentially causes a 25 times greater global warming impact than does carbon dioxide (CO2) [1]. Its current 
potential contribution to global warming is estimated at 15% and continues to increase [2]. The CH4 emission from 
landfills is the 4th highest anthropogenic CH4 emission in the world and needs efficient technology for in situ 
oxidation [3]. Landfill gas collection and utilization are two effective options for reducing CH4 emissions from 
municipal solid waste (MSW) landfills. However, both systems are quite expensive and not economically-suitable 
for application in small to medium sized landfills. Studies show that a large amount of landfill gas can still be 
released as fugitive emissions in areas that have applied both systems [4]. 
As a landfill top soil cover, CH4 mitigation with compost is a biofiltration mechanism. When air flows through 
the media, the contaminants in the gas phase are absorbed into the filter medium where contaminant will be 
degraded into CO2 and water. Microorganisms can live in the biofilm on the medium surface or suspended in the 
surrounding water. Biofilter is a system that uses the combination of several basic processes: absorption, 
degradation, and desorption of gas contaminants. Biofilters usually require the addition of water to control the 
medium water content and nutrition [5, 6]. 
This study aimed to determine the methane concentration profile within reactors by utilizing compost produced 
by the City of Depok Composting Unit. Depok is a suburban city located around 30 km south of Jakarta, the capital 
of Indonesia. Around 30% of solid wastes generated in the city of Depok are disposed of in the Cipayung Landfill 
while the other 70% ends up in several places and is often not covered. Cipayung Landfill is the only one that the 
City of Depok has and was built in 1984 with an area of 11, 2 Ha. 
2. Materials and Methods 
2.1. Reactor Design 
This experiment was conducted over a period of 35 days in a batch system, using column reactors made of acrylic 
plastic with an outer diameter of 20 cm (inner diameter 19 cm) and a height of 100 cm (Figure 1). At the base of the 
reactor there is room for leachate, and a layer of gravel with a grain size of 30-60 mm was placed under the media. 
The media used in this experiment was compost with a thickness of 80 cm and with a variation of compaction of: 
750 kg/m3, 800 kg/m3, 850 kg/m3, and 900 kg/m3 for Reactor 1, 2, 3, and 4 respectively [2].The gas used as the inlet 
gas was a mixture of CH4 and CO2 to volume ratio 50%: 50% in upflow mode. Upflow mode is intended to illustrate 
CH4 emissions at landfill. The flow of CH4 into each reactor was adjusted to 10 mL/min which is typical for active 
landfill methane emissions by 38 L/m2.day [7]. 
With the gas flow meter set to 10 mL/min for one reactor, the amount of air flow from the air compressor 
becomes 100 mL/min. The total methane that flows into all of the reactors is 40 mL/min with additional compressor 
airflow of 400 mL/min. Aeration on the media surface is accomplished with the pressure compressor at 0.165 
kg/cm2.  
The reactor is equipped with sampling ports made from perforated PVC pipe with a diameter of ½” which is 
placed perpendicularly against the cross-sectional area of the reactor. The pipe is perforated on the half side with a 
diameter of 0.2 cm and the distance between holes is 1 cm. The perforated side is directed to the base of the reactor 
to prevent materials from entering the pipe. Silicon septum approximately 3 mm thick is placed at the end of the pipe 
which serves as a gas sampling port. Sampling ports are placed at a depth of 62 cm, 42 cm, and 22 cm. 
2.2. Compost Preparation 
The compost was tested to determine its physical, chemical, and biological characteristics. The test results were 
compared with compost characteristics, and the compost quality standards proposed by Indonesia standard SNI 19-
7030-2004 [3, 8]. Early identification of compost maturity was identified through temperature, odor, moisture, and 
color.  
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Figure 1. Experimental Set Up 
2.3. Gas Sample Extraction and Examination 
Gas samples were collected on the reactor inlet and outlet using an aluminum foil bag (SKC # 262-05). Samples 
of the gas bag or syringe were moved by using a gas tight syringe Hamilton and were examined using a 
Chromatograph-Thermal Control Gas Detector (GC-TCD) Shimadzu type 8A with 220V voltage and a 60 mA 
current. Argon gas as a carrier with a column temperature of 100°C, injector temperature 130°C is used, input gas 
pressure of 6 bar, and output gas flow rate of 40 to 60 mL/min. Several other control parameters, namely 
temperature, humidity, CO2 concentration, pH, and reactor pressure drop are also analyzed. 
3. Results and Discussion 
Most of the physical characteristics of the compost have not yet fulfilled the recommended values from Huber-
Humer et al. (2009), especially its moisture content [9]. A high conductivity and NO2--N is most likely caused by the 
amount of organic content of the compost materials. This results in a high concentration of NO2--N from organic 
nitrogen decomposition and dissolved salts/conductivity [9, 10]. A high Cu concentration is most likely due to the 
contamination of the compost materials. 
Compost particle size distribution is tested based on ASTM D 422 with standard sieve numbers 4, 10, 18, 40, 100, 
and 200. The results show that compost before the maturation phase was dominated by particles below 2 mm in size. 
Conversely, the compost was actually dominated by particles greater than 2 mm in size after the maturation phase 
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3.1. Methane Gas Profile Analysis within Reactor Filled with Compost as Landfill Biocover 
The acclimatization period lasted for five days and gas inspection was done on days 3 to 5. During 
acclimatization, the entire gas flow was set half of the design plan in order for the media to adapt. Reactors 1 and 2 
showed methane oxidation activity as indicated by the declining methane concentration along the height of both 
reactors. Unlike the acclimatization period, the methane concentration in Reactor 2 was detected after the gas flow 
rate was increased in accordance with the design. On the contrary, Reactors 3 and 4 did not indicate the presence of 
methane gas throughout the sampling points. 
Methane concentration in Reactors 3 and 4 at various sampling points was not detected until the end of the 
experiment. Because there was no methane detected within 14 days in Reactors 3 and 4, the pressure of the 
compressor was increased on day 31 to 0.35 kg/cm2 from 0.165 kg/cm2. The pressure was increased again on day 39 
to 0.45 kg/cm2 and consequently, methane gas began to be detected in Reactor 3 by day 40 and Reactor 4 on days 
27, 36, and 40. 
 
 
Figure 2. Methane and Carbon Dioxide Concentration Profile on Day 22 
 
Because the mass loading of the inlet gas flow could not be arranged each day, methane and carbon dioxide 
concentrations in all reactors seemed to fluctuate.  Six sets of gas concentration profiles represent the concentration 
of methane and carbon dioxide in all reactors on days 3, 5, 7, 17, 22, and 40. Of all the gas concentration profiles, 
the gas profile on day 22 showed that the gas concentration began to approach stability and reliability. The methane 
and carbon dioxide gas profile on day 22 in Reactor 1 intersect at a depth of 20-30 cm from the media surface, while 
the other reactors intersect at a depth of 60-75 cm from the media surface. This indicates that the methane maximum 
oxidation zone occurrs at the top of the reactor (20-30 cm depth) on Reactor 1 and at the bottom of the reactor (60-
75 cm depth) for the rest of the reactors. 
The carbon dioxide gas profile in Reactors 1 and 2 had a tendency to increase at sampling point A, which is close 
to the inlet, and to decrease when approaching the outlet area. This condition indicates the process of methane 
oxidation within the media in that zone. As for Reactors 3 and 4, the carbon dioxide gas concentration tended to 
decrease as it got closer to the outlet although its value was still greater that the carbon dioxide concentration at the 
inlet in the beginning of this study. After the pressure of the compressor was increased, carbon dioxide gas 
concentration also tended to increase on the lower area of the reactor, but its concentration at the outlet area was 
lower than at the inlet. The oxidation process is an exothermal process that yields heat along with its product [16]. 
During this process the maximum and average room temperatures were 30.8°C and 29.7±6.6°C, respectively. This 
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condition clarifies that there was a temperature rise in all reactors which happened as a result of the exothermic 
reaction of methane oxidation in the compost media. 
Methanothrophs’ bacterial activity in landfill cover top soil in the tropics is strongly influenced by temperature  
[12]. The optimum temperature level for methane oxidation takes place at 30-40°C, and the oxidation rate is close to 
zero on 45°C. High temperatures in the upper layers of the media cause the media to desiccate and the methane 
oxidation capacity is close to zero. Temperatures below 20°C resulted in low activity of the methanothrophs and 
greatly affect the methane oxidation rate. High temperatures in tropical climates cause desiccation on the surface 
layer and therefore reduce the methane oxidation rate. Both factors lead bacterial populations to spread under the 
upper layers. The gas concentration profile is associated with the reduction of moisture content of the compost. As 
mentioned previously, the maximum methane oxidation zone in Reactor 1 was at a depth of 20-30 cm and in the rest 
of the reactors was 60-75 cm from the surface of the media. The slightest drop in moisture content in Reactor 1 
appeared at a depth of 22 cm, which places it in the maximum methane oxidation zone. This condition also occurred 
on the other reactors at a depth of 62 cm. A significant decline in oxidation activity occurs when the soil/media 
moisture content decreases to below 5% [13-16]. 
Compost with higher organic contents tends to require higher optimum moisture content as well. The optimum 
moisture content needed to achieve maximum methane oxidation in compost media is in the range of 45%-85% (dry 
weight basis) for compost with organic content of 31% [17]. Thus, the optimum moisture content for compost with 
organic content of 31% is 31.03-45.94% (w/w).  
3.2. Analysis of Media Compaction Effects on Methane Gas Profile in The Reactors 
Based on the gas concentration profile, lower compaction levels have higher gas transfer so that even on a lower 
gas pressure, contaminants are able to rise up to the top of the reactor. This was indicated by the detection of 
methane gas at any depth in Reactors 1 and 2. However, higher levels of compaction reduced gas transfer and a 
lower gas pressure resulted in no detection of methane at any depth in Reactors 3 and 4 before the pressure of the gas 
compressor finally magnified. This is most likely due to longer true residence time in the reactor with a higher 
compaction. Thus, the potential for total methane oxidation at the bottom of the reactor increased and resulted in no 
detection of methane in the upper layer. 
The application of compost as a biocover layer with a compaction rate of 750 kg/m3 and a minimum thickness of 
80 cm is recommended to obtain the maximum methane oxidation zone at a depth of 20-30 cm from the surface of 
the media or with a higher degree of compaction (800 kg/m3-900 kg/m3), a minimum layer thickness of 40 cm 
should be used. Based on this experiment, the methane has been oxidized completely at a depth of 60-75 cm from 
the surface of the media or at a height of 5-20 cm from the bottom of the media.  
4. Conclusions 
Compost produced from the Depok WTU has less than optimum physical characteristics: low bulk density and 
moisture content. The compost color is also grayer than black and most of the chemical characteristics of the 
compost have not met Indonesia Standard SNI 19-7030-2004 [8] nor the media characteristics recommended for 
landfill cover soil. Gas profiles showed that the methane concentration decreased when the thickness of the media 
was increased. High levels of compaction caused the maximum methane oxidation zone to shift to the bottom of the 
reactor. The maximum methane oxidation achieved in the reactor with minimum biocover thickness of 80 cm at a 
750 kg/m3 compaction rate or 40 cm at a compaction rate of 800-900 kg/m3. An increased maturation phase of the 
compost is required if it will be used as biocover material. Further studies are needed to analyze the profile of 
methane and carbon dioxide gas resulting from laboratory-scale reactor experiments and their effects. 
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